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There are several studies of electrocardiograms in children (Ziegler, 1951; Gros, Gordon, and
Miller, 1951 ; Bengtsson, 1956; Sodi-Pallares e? al., 1958), but the numbers of children under 1 year
of age in these series are small. In Ziegler’s monograph (1951), the numbers vary from 22 to 41 in
different age-groups during the first year of life. Gros et al. (1951) include electrocardiograms
from only nine infants in the age-group 1 week to 3 months and only six in the age-group 6 months
to 1 year. The analysis of Bengtsson (1956) deals only with the terminal complex of the
cardiogram and includes only nine children under 1 month of age; nine between 1 and 2 months;
15 between 3 and S months; and 22 between 6 and 11 months. Sodi-Pallares et al. (1958) do not
specify the number of infants.

There have been few studies of the electrocardiograms of infants during the first week of life, and
in only one series (Datey and Bharucha, 1960) have records been taken daily from the same 44
infants. Michaélsson (1959) obtained records from 37 infants on the first, second, third, fifth, and
seventh days of life. Richman and Master (1951) obtained daily records for the first four days of
life but the number of infants is not stated.

We have seen 600 infants with congenital heart disease in this clinic. In some of these infants
where right ventricular hypertrophy was diagnosed on other grounds, the measurements of the R
waves in the precordial leads V3R and V1 of the electrocardiogram were below the normal values
given in published reports.

SUBJECTS AND METHODS

It was therefore decided to carry out a study of the electrocardiogram in normal infants. Records were
taken from the same 50 infants (29 girls and 21 boys) at 5 days, 1 month, 3 months, and 6 months: only
42 of these 50 infants attended for records at 1 year of age. In addition daily records for the first seven days
of life were taken from 20 of these 50 infants. Q, R, and S waves were measured in all these records. The
T waves were measured in 17 of the daily records, in 40 infants at 5 days, 1 month, 3 months, and 6 months,
and in 25 infants at 1 year.

The infants in this series were a random selection of normal babies born at Mill Road Maternity Hospital
between August 1956 and April 1958. Most were from families of the lower income groups (3, 4, and 5 of
the Registrar General’s social classification). There were no abnormal signs in the cardiovascular system in
any of these babies and chest radiographs taken at 5 days, 3 months, and 1 year were all normal.

The electrocardiograms were recorded with the direct writer Cambridge ‘Electrite’ recorder, the
infants being supine and unsedated. Leads I, II, III, AVR, AVL, and AVF were recorded in direct sequence
using infant electrodes measuring 45 mm. X 20 mm. The pracordial leads V1, V3, V6, and V3R were taken
at sites recommended by the British Cardiac Society (1949) using a Burger suction type electrode 1-25 cm.
in diameter. At least six complexes were taken in all leads; the paper speed was 25 mm. per second and
the sensitivity was 1 mV to 1 cm. Q, R, S, and T waves were measured in all leads to an accuracy of
0-5 mm., and tables of mean, maximal, and minimal values for each wave were prepared. Histograms
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No. OF CASES

TABLE 1
Q WAVES
’ ‘ 1 11 III AVR
{  Number [
Age | of
(mth.) ‘ subjects .mean max. | min. | mean | max. | min. | mean | max. | min. | mean | max. | min
1 day 20 |0 o0 o o062 | 0o 14]4 0 | 06 15| 0
S days | 50 0 0-5 0 09 35 0 1-6 6 0 0-8 6 0
1 \ 50 01 1 0 09 3 0 1-4 4 0 0-5 4 0
3 50 01 2 0 17 6 0 29 |10 0 07 85 0
6 | 50 01 3 0 1-8 6 0 34 85 0 0-8 9 0
12 i 42 | 03 3 0 13 4 0 32 | 105 0 0-8 | 105 0
TABLE 11
R WaVEs
I 11 111 AVR
Number | \ l
Age of )
(mth.) subjects | mean | max. | min. | mean | max. | min. | mean | max. min. | mean | max. | min
1 day 20 13 | 45 0 41 15 ‘ 0 ‘ 83 | 16 2 3-8 | 12 0
5 days 50 1-5 i 6 0 46 13 05 . 59 |15 1 31 8 0
1 50 25| 7 0 [ 75 15| 2 | 78115 | 2 | 28] 8 0
3 50 61 | 12 1 11-6 22 4-5 9-8 | 21 2 27 65 0
6 50 65 | 13 0 107 21 35 88 | 175 0-5 24 65 0
12 42 78 | 14 0 12:0 17 4-5 l 86 | 175 1 2-5 75 0
£
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FiG. 1.—Distribution of R wave values in leads 1, II, III
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TABLE I (continued)

AVL AVF V3R A" V3 V6
mean  max.| min. mean | max. | min. | mean, max. min. mean‘ max. | min. | mean max. | min. | mean , max. | min.
1
01 |2 0 1-0 2 0 0 0 0 0 0 0 0 0 0 0-2 1 0
01 | 25 0 1-4 4 0 0 0 0 0 0 0 0 0 0 04 3 0
02 | 4 0 1-3 3 0 0 0 0 0 05 0 0 0 0 05 3 0
01 | 35 0 2:6 7 0 0 05 0 0 1 0 0 0 0 09 3 0
01 |2 0o 27 75 0 0 0-5 0 0 0-5 0 0 0 0 10 5 0
01 |2 0 ‘ 24 7 0 0 05 0 0 ‘ 0-5 0 0 0 0 1-1 4 0
TABLE II (continued)
AVL ! AVF V3R Vi V3 V6
! ! i
|
mean |max. | min. | mean | max. | min. | mean |max. | min. | mean | max.| min. | mean i max. min.  mean | max.| min.
. i
1-5 4 0 68 | 165| 1 85 |17 |5 68 | 165 2 104 !20 3 29 [ 115 05
1-6 95: 0 60 |13 |05 65 |14 15 45 112 |1 78 18 2 36 |11 | O
19 55, 0 79 |14 |15 54 12 | 05 43 13 |05 95 1165 2 64 (14 |1
39 | 10 0 |11:3120 |0 67 | 155 2 65 115 |2 139 125 5 86 | 1851
43 |13 0 90 | 185/ 0 69 |13 25 75 | 16 2:5 | 134 24 35 85 | 21 05
51 1135 1 92 |17 |1 62 15 |15 73 18 |25 | 129 12055 95 |17 |3
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Fi1G. 2.—Distribution of R wave values in leads AVR, AVL, and AVF.
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were prepared for the R and S waves only and were condensed for presentation: these show the distribution
of the values more clearly.

RESULTS

Q Waves Ist Day to 1 Year. Our findings are similar to those of Furman and Halloran (1951)
and confirm that deep Q waves in leads II, III, AVF, and V6 are not unusual in the first year of life
and gradually become deeper between birth and 1 year (Table I and Fig. 7). Our mean values are
lower than Ziegler’s (1951) although the maximal and minimal values are similar. In five of our
records there was difficulty in determining whether the first downward deflection represented a Q
wave or an S wave. The records were interpreted by four independent observers before reaching a
final opinion.

R Waves 1st Day to 1 Year. At birth the R wave is of low amplitude in leads I and V6 and high
in AVR and V3R. During the first year of life it increases strikingly in I and V6 indicating progres-
sive increase in the activity of the left ventricle during this period. There is a decrease in the R
wave in AVR and V3R but this is less marked, indicating only a slight decrease in right ventricular
activity during the first year of life (Table II and Fig. 1, 2, 3, and 7).

In our series mean values in praecordial leads fell well below Ziegler’s figures in the first 3 months
of life, e.g. in our series the mean value of R V1 at 5 days was 4-5 mm., whereas in Ziegler’s (1951)
series between 1 day and 1 week it was 17-0 mm. In our study the maximal value of R V1 at 5 days
was 12 mm., whereas the maximal value in Ziegler’s (1951) series between 1 day and 1 week was
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Fic. 3.—Distribution of R wave values in leads V3R, V1, V3, and V6.



THE ELECTROCARDIOGRAM IN THE NORMAL INFANT 445

5 DAYS | MONTH " 3 MONTHS 6 MONTHS | YEAR

“2'8 2 OBIO 2 6 IO 24 8 4GelO 2 6 IO

20
8
6
T4
12
10
8
6
4
2
MR oS 2,
44
42
40
38
36
34

2, °s'°|2 4

HEIGHT OF WAVE IN MILLIMETRES

-
—————nn

MDA OOONDMOD®ON

'—

o

OF CASES

No.

LY
o

2 6

F1G. 4.—Distribution of S wave values in leads I, II, and III

29mm. This disparity was not explained by the slight difference in the ages at which the records were
taken in the two series, because as subsequent analysis showed there was little variation in our daily
records during the first seven days of life. After the age of 3 months the mean values in Ziegler’s
(1951) series and ours were closer but the values in our series were always smaller.

It is difficult to compare our findings with those of Furman and Halloran (1951) because of the
different selection of age-groups, but we can compare the findings at 1 month in both series. At this
age the maximal values were very close but the mean values were higher in Furman and Halloran’s
series than in ours, e.g. R V1 at the fourth week in Furman and Halloran’s series was 7-0 mm. and in
our series was 4-3 mm.

S Waves 1st Day to 1 Year. At birth there is a deep S wave in leads I and V6, the S wave being
equal to or greater than the R. By the age of 1 year both have decreased significantly indicating
some decrease in the activity of the right ventricle during the first year of life. The S waves in V3R,
V1, and AVR become deeper, indicating increase in left ventricular activity (Table III and Fig.
4,5, 6,and 7).

Mean values in leads I, II, AVL, and V6 were of the same order of magnitude in our series and in
Ziegler’s (1951) series, Ziegler’s figures being slightly higher in most instances. In leads III, AVR,
and AVF there were differences of as much as 3 mm. between the mean figures in the two series,
Ziegler’s again being the higher. The greatest difference in mean values for the two series was seen
in leads V1 and V3 at ages up to 1 month, e.g. in this series the mean figure for S V1 was 3-2 mm.
at 5 days and 3-6 mm. at 1 month, while Ziegler’s mean value was 11-1 mm. for ages 1 day to 1 week,
and 7-0 mm. for ages 1 week to 1 month. Again this disparity was not explained by the slight
difference in the ages when the records were taken.
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TABLE III
S WaAves
I Il I ' AVR
Number

Age of
(mth.) \ subjects mean | max. | min. | mean | max. | min. | mean | max. | min. | mean | max. | min
1 day 20 52| 85 0 18 | 6 0 03 2:5 0 0-8 7 0
5 days 50 47 | 105 0 22 | 6 0 0-8 3 0 12 | 7 0
‘ 50 39 85 0 21 6 0 0-8 5 0 3-8 85 0
3 50 3-8 6 0 1-8 55 0 06 | 45 0 74 | 185 0
6 50 35| 95 0 13 | 45 0 07 | 7 0 75 | 175 0
12 42 351 9 0 17 | 45 0 0-7 5 0 76 | 16 0

With isolated exceptions, maximal values in our series for leads I, II, III, AVR, AVL, AVF, and
V6 were of the same order as, but slightly smaller than, those in Ziegler’s series. Inleads V1 and V3,
however, at ages during the first 3 months, maximal figures in our series were substantially smaller
than in Ziegler’s series, e.g. in V1 the maximal figures in our series were 11-5 mm. at 5 days and

| MONTH 3 MONTHS 6 MONTHS

No. OF CASES

2 4 6 8 10 246 24 24 24
HEIGHT OF WAVE IN MILLIMETRES

Fic. 5.—Distribution of S wave values in lead AVR, AVL, and AVF.
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TABLE III (continued)

AVL AVF i V3R Vi V3 V6
mean | max. | min. | mean | max. | min. | mean | max. | min. | mean | max. | min. | mean | max.| min. | mean | max. | min
73 | 135, 25 09 | 55 0 4 11-5) 0 2.8 |11-:5) 0 | 133 |21 |55 29 6 |05
64 | 125/ 0 13 |9 0 41 | 10 0 33 [11:5| O 99 |17 |2 32 |11 {0
5 11-5| 0 12 | 4 0 36 | 11:5] 0O 37 {105 0 {109 |19 |3 31 8510
59 |16 | O 09 | 6 0 41 | 11 0 48 | 13-5| 1 | 122 | 2252 2:6 8 |0
54 | 155|0 06 | 35 0 46 | 11-:5| 0 59 |13 0 115 {20 |1 2 6 |0
55 {13 |0 09 | 45 0 4-8 | 10 0 59 | 19 0 | 121 |20 |5 2 8510

10-5mm. at 1 month, while in Ziegler’s series the maximal figures were 25 mm. at ages from 1 day to 1
week, and 17-5 mm. at ages 1 week to 1 month. After the age of 3 months, the maximal figures in
the two series approximated much more closely to each other in V1, but in V3 there remained a
difference of at least 6 mm., Ziegler’s figures remaining larger than those in our series.

Comparing values in our series with those of Furman and Halloran (1951) where age-groups
coincided, i.e. at 1 month, the mean values in both series were similar in leads 11, III, AVR, AVL,
and V6. InleadsI, V1, and V3 there was a difference measuring up to 2 mm.; e.g. in our series the

| MONTH 3 MONTHS 6 MONTHS | YEAR

—————n

&
o
NAorOONMRO®O

Onioo

Vi

No. OF CASES
&

NBOOONE NDO®

A

2 6lOl4I8222 6 10
12 16 20 4 8 l2l4l¢5w2022 2468l°|2ml6I82

2, 6_10 2 6 _I0 2llo 2 6 2 6

4 8 4 8 4 8 4 8 4 6
HEIGHT OF WAVE IN MILLIMETRES

2,6 10 14
201 24%6"9% 6"

FiG. 6.—Distribution of S wave values in leads V3R, V1, V3, and V6.
26



448 SCOTT AND FRANKLIN

TABLE 1V
T WAavEs
1 1I 111 AVR
Number
Age of

(mth.) subjects mean | max. | min. | mean | max. | min. | mean | max. | min. | mean | max. | min.

1 day 17 +03|+15| -3 | +1 +2 | —-05|/409| 43 |—-05|—-07 |43 | -2

5 days 40 +1 +2:5| 4+05| +12 | +2:5| 405 | 405 | +1 —1 —1-1/—-05| =2

1 40 +1-5|+45 -1 +17,+4+3 | +4+05| 407 | +05{ —-05| —-17| —0-5| —4

3 40 +22|+4 | +05| +27| +45 +15|+08 +15|—15|—24| —1-5| —4-5

6 40 +22 |45 | +1 +28|+6 | +1 +09 | +1 -1 —2:6 | —1 -5
12 25 +2-7| 455|405 | +32|+55|+1:5/406| +3 | —15!-3 | —1 —4-5

mean value was 36 mm. in V1 at 1 month and the corresponding figure in Furman and Halloran’s
series was 49 mm. Maximal values in the two series at 1 month were closely similar, except in
leads AVF and V3 where there were differences of 3 and 5 mm. respectively, Furman and Halloran’s
figures being the smaller in both instances.

T Waves 1st Day to 1 Year. In all leads the trend was towards an increase in height or depth of
the wave with increasing age (Table IV). Most T waves in all leads were either positive or negative,
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Fi1G. 7.—Typical electrocardiograms at 1 day, 1 month, and 1 year.
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Table IV (continued)

AVL AVF V3R \%! V3 V6

|

mean max.’min. mean | max.| min. | mean |max. | min. | mean | max. | min. | mean | max. | min. | mean | max. | min.

—0-3{+1-5|—25| +12 |+2:5|=05| +06 |+6 =2 | 403 [+4:5—1-5| 0 [42:5/—1-5| +07 |+2:5|—1

40542 =2 (41 |+2 |+05| =07 |=05|—2-5| —0-8 [—=0-5|—2 | —0-6 [+1 |—0-5| +1-9 |+3 |+0-5
+06|+35|—1:5| +13 [+4 [+05| —1-3 |—05|—=2 | —12!—05|—2 | —03 |+1-5|—2 | +1-4 |[+3 [+05
+12|43 |=1 | 416 |+4 [+05 —19|—05|—4 | =2 |—05|—4 |4+02|+3 |=3 | +2 |+4 |+05
+09|425—1 | +18 |+4 [+05| =2 [—=05|—5 | =23 |=0-5|—=5:5! 402 [+3 |=3 | +1-9 |+4 [+05
+I143 0 -1 [ 417 +4 [405| =22 —1 |=3 |—=23|=05|=5 | =02 |+35|—2:5| +2:6 |+4-5|+15

but significant numbers of biphasic waves occurred in leads V3R, V1, and V3 at 5 days and 1 month.
The number of biphasic waves in these leads decreased as age increased, and in lead V1 there were
no biphasic waves by the age of 1 year. Biphasic T waves occurred only rarely in leads III, AVF,
AVL, and V6, and no biphasic waves were found in leads I, II, and AVR.

In all the records discussed, only six T waves were found to be isoelectric. Four of these were
found in lead AVL at different ages, and the remaining two isoelectric waves occurred in leads V3R
and V3, both on the first day.

Daily Electrocardiograms in First 7 Days of Life. The only significant changes during the first 7
days of life were in the T waves in leads V3R and V1. In the first 24 hours of life almost half the T
waves were positive in these leads but during the succeeding days they became negative and by the
fifth day all the T waves were negative. Our findings thus agree with those of Richman and Master
(1951) and Datey and Bharucha (1960).

There was no significant change in the Q, R, and S waves during the first week of life.

SUMMARY AND CONCLUSIONS

A 10-lead electrocardiogram was recorded in 50 normal infants, recordings being made at 5 days,
1 month, 3 months, 6 months, and 1 year. In 20 of these infants recordings were made daily for 7
days commencing within the first 24 hours of life. The results have been recorded in Tables giving
the maximum, minimum, and mean values of the Q, R, S, and T waves. Histograms have been
prepared to show the distribution of the values of the R and S waves during the period studied.

The recordings show that there is a gradual increase in the activity of the left ventricle between
birth and 1 year. This is shown mainly by an increase in the height of the R wave in lead V6,
although there is also some deepening of the S wave in lead V1. There is a decrease in right ventri-
cular activity during the first year of life but this is less impressive than the increase in left ventricular
activity.

We confirm previous observations that deep Q waves are not unusual in leads III, AVF, and V6
in the first year of life and that positive T waves are commonly found in leads V3R and V1 on the
first day of life but by the fifth day of life they have all become negative.

We are greatly indebted to our Senior Cardiographer, Mr. Norman Clarke, for his help in recording the electro-
cardiograms. Our thanks are also due to Mr. K. Tweedie for his statistical advice, to Mr. C. Fitzsimmons for the illus-
trations, and to Miss S. Johnson and Miss M. Platt for secretarial help. We wish to thank Professor J. D. Hay for his
help and criticism.
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